Abstract. Esophageal squamous cell carcinoma (ESCC) is one of the most lethal malignancies worldwide. To reduce the high morbidity and mortality of the disease, sensitive and specific biomarkers for early detection are urgently needed. Tumor-specific microRNAs (miRNAs) seem to be potential biomarkers for the early diagnosis and treatment of cancer. In this study, differentially expressed miRNAs in tumor tissues and adjacent non-tumor tissues were detected by miRNA microarrays. Stem-loop real-time reverse transcription PCR was conducted to verify the candidate miRNAs discovered by microarray analysis. The data showed that hsa-miR-338-3p, hsa-miR-218 and hsa-miR-139-5p were downregulated in tumor tissues compared with adjacent non-tumor tissues, while hsa-miR-183, hsa-miR-574-5p, hsa-miR-21* and hsa-miR-601 were upregulated in tumor tissues. Multiple regression analysis revealed the aberrant expression of hsa-miR-338-3p, hsa-miR-139-5p, hsa-miR-574-5p and hsa-miR-601 increased the risk of esophageal cancer. Furthermore, we found hsa-miR-21* was significantly increased in heavy drinking patients. Therefore, there is a set of differentially expressed miRNAs in esophageal cancer which may be associated with the incidence and development of ESCC. Differential expression profiles of miRNAs in ESCC may be promising biomarkers for the early screening of high-risk populations and early detection.
Introduction
Esophageal squamous cell carcinoma (ESCC) is one of the most common types of cancer worldwide. In China, ESCC remains one of the leading causes of cancer-related mortality in some high-risk areas. According to the data from the disease control and prevention center of Jiangsu Province, cancer was the leading cause of mortality for Jiangsu inhabitants in 2007, and esophageal cancer ranked the first cause of cancer-related mortality (1) . Moreover, the disease is very often diagnosed at advanced stages, resulting in poor prognosis. Despite significant investment and advances in the treatment of the disease, the overall survival for advanced and metastatic cancer remains dismal, with a 5-year survival rate of less than 30% (2) . To improve the situation, there is an urgent need for novel and reliable biomarkers for ESCC. Huaian in China is an area with high ESCC morbidity and mortality rates. The specific genes of the population in this area and geographical environment may bring some distinguishing features of ESCC.
In recent years, several studies have confirmed that aberrant expression of miRNAs may be involved in the initiation and progression of human cancer (3) . microRNAs (miRNAs) are a class of small (18-22 nt) non-coding RNA molecules which can regulate gene expression at the post-transcriptional level by targeting mRNAs, and inhibit the translation and/or degrade the mRNAs (4) . Accumulating evidence indicates that the dysregulation of miRNAs may be a key event in human cancer (5) (6) (7) (8) . miRNA expression profiles could be used for the prediction of cancer risk, as well as for the early diagnosis, histologic classification and prognosis prediction, mainly because miRNAs are highly conservative and tissue-specific (9) . There have already been some studies on miRNA expression profiles in Barrett's esophagus and esophageal adenocarcinoma (10, 11) . However, there is little information on miRNA profiles in ESCC. In the present study, differential expression profiles of miRNAs in ESCC in the Huaian population were determined with tumor tissues and adjacent non-tumor tissues from 138 newly diagnosed patients. ) were immersed in RNA locker (Tiandz, China) at 4˚C overnight and stored at -20˚C until use. This study was approved by the institutional review board 'IRB of Southeast University Affiliated Zhongda Hospital' in Nanjing, China. The design of the esophageal cancer study, including the tissue sample collection, was approved by the IRB.
Differential expression profiles of microRNAs as
RNA isolation. Total-RNA was extracted from both the esophageal cancer tissues and adjacent non-tumor esophageal epithelium using TRIzol reagent (Invitrogen, USA) according to the instructions. Concentration and integrity of extracted RNA was assessed using a NanoDrop 1000 spectrophotometer (NanoDrop Technologies, USA). Finally, the total-RNA integrity was checked by denaturing agarose gel electrophoresis.
miRNA microarray. Three pairs of esophageal cancer samples were collected for microarray analysis. Agilent human miRNA microarray (V12.0, Agilent, USA) was used in this study. Samples of miRNA from 6 esophageal specimens were labeled and hybridized with the miRNA Complete Labeling and Hybridization kit (Agilent) according to the manufacturer's protocol. Signals were normalized using the median center tool for genes. Statistical analysis of ANOVA was used to compare the differentially expressed miRNAs.
Quantitative reverse transcription PCR. In this study, U6 was chosen as the endogenous standard. Reverse transcription reactions were conducted in two steps. First, the mixture containing 0.5 µg of RNA samples, 1 µl miRNA-specific stem-loop RT primers (RiboBio, China) and RNase-free water (Tiangen, China) was incubated in a 96-well plate for 10 min at 70˚C and held at 4˚C. Then, the 12.5 µl mixture which comprised 5.5 µl RT product (obtained from the front), 2.5 µl 5X RT buffer (Promega, USA), 1 µl dNTPs (2.5 mM) (Tiangen, China), 0.25 µl MMLV reverse transcriptase (200 U/µl) (Promega, USA), 0.25 µl ribonuclease inhibitor (40 U/µl) (Fermentas, Canada), and 3 µl ddH 2 O was incubated in a 96-well plate for 1 h at 42˚C, for 10 min at 70˚C and subsequently held at 4˚C.
Real-time PCR was carried out to detect the expression levels of candidate miRNAs with the ABI 7300 Real-Time PCR System (Applied Biosystems, USA). qRT-PCR was then performed using SYBR ® Green Real-time PCR Master
Mix-Plus (Toyobo, Japan) according to the manufacturer's protocol. The PCR reaction components were 1 µl of cDNA, 4.5 µl of SYBR-Green PCR Master mix, 5 mmol/l PCR primers (RiboBio, China) and RNase-free water. The reaction was performed at 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. Dissociation curve was analyzed from 60 to 99˚C.
Data analysis. Data analyses were performed using the SPSS, version 18.0. P<0.05 was considered to indicate statistically significant differences. We applied the paired t-test and conditional logistic regression analysis to determine the statistical differences between tumor tissues and adjacent non-tumor tissues. miRNA expression was calculated using the 2 -ΔΔCt method (12) , where ΔCt = (Ct miRNA -Ct u6 ) and ΔΔCt = ΔCt tumor tissues -ΔCt adjacent non-tumor tissues . The threshold cycle (12) indicates the fractional cycle number at which the amount of amplified target reaches a fixed threshold and the Ct value is negatively correlated with copy numbers (12) . Thus, in the final calculation, the Ct values are multiplied with -1 for logistic regression analysis. Student's t-test analysis and analysis of variance (ANOVA) were applied to determine the differences of miRNA expression in different environmental factors.
Results

Screening of candidate miRNAs by miRNA microarray.
Microarray analysis identified 15 miRNAs that could distinguish the malignant esophageal cancer lesions from the adjacent non-tumor tissues. A total of 7 miRNAs were found overexpressed in tumor tissues (hsa-miR-20a, hsa-miR-155, hsa-miR-574-5p, hsa-miR-21*, hsa-miR-183, hsa-miR-601 and hsa-miR-623). Whereas, hsa-miR-186, hsa-miR-l0a, hsa-miR-144, hsa-miR-338-3p, hsa-miR-192, hsa-miR-218, hsa-miR-451, hsa-miR-139-5p were found downregulated (Table I ). Cluster analysis, based on the differentially expressed miRNAs, successfully separated the tumor tissues from the adjacent non-tumor tissues (Fig. 1 ). The analysis showed the chips in each case were consistent.
Validation of microarray data by quantitative RT-PCR analysis.
To confirm the microarray results, we performed quantitative RT-PCR analysis on larger samples. The expression data obtained by quantitative RT-PCR analysis were comparable to the results observed in the microarray analysis.
The results of hsa-miR-338-3p, hsa-miR-144, hsa-miR-192, hsa-miR-218 and hsa-miR-139-5p showed the consistency of the downregulation compared with microarray, while hsa-miR-20a, hsa-miR-155, hsa-miR-574-5p, hsa-miR-183, hsa-miR-21* and hsa-miR-601 showed the consistency of upregulation. The histogram (Fig. 2) is shown with the fold-changes of real-time RT-PCR (2 -ΔΔCt
) and miRNA microarray. The consistency of microarray and real-time RT-PCR confirmed the reliability of the results.
Differential expression of miRNAs between the tumor tissues and the adjacent non-tumor tissues.
We applied the paired t-test to assess the differences between the tumor tissues and the adjacent non-tumor tissues shown in Table II . The results showed that hsa-miR-139-5p, hsa-miR-218 and hsa-miR-338-3p (fold-change = 0.106, 0.623, 0.239, respectively) were downregulated in tumor tissues when compared with adjacent non-tumor tissues, while hsa-miR-21*, hsa-miR-574-5p, hsa-miR-183 and hsa-miR-601 (fold-change = 1.863, 1.603, 2.096, 1.763, respectively) were upregulated in tumor tissues.
Association between candidate miRNAs and the risk of ESCC.
Conditional logistic regression analysis was used to evaluate the association between differentially expressed miRNAs and the risk of esophageal cancer. As shown in Table III , significantly increased risk for esophageal cancer was associated with reduced expression of hsa-miR-139-5p and hsa-miR-338-3p (OR=0.599, 0.720, respectively) and increased expression of hsa-miR-21*, hsa-miR-574-5p, hsa-miR-183, hsa-miR-601 (OR=1.135, 1.113, 1.142, 1.492, respectively). This suggested that hsa-miR-21*, hsa-miR-574-5p, hsa-miR-183, hsa-miR-601 may function as oncogenes, while hsa-miR-139-5p and hsa-miR-338-3p might act as tumor suppressors.
Multiple regression analysis was used to determine the association between the differentially expressed miRNAs (hsa-miR-139-5p, hsa-miR-338-3p, hsa-miR-21*, hsa-miR-574-5p, ) and miRNA microarray. If the fold-change is <1, the reciprocal is taken, otherwise the original value is taken. hsa-miR-183 and hsa-miR-601) which showed significance in logistic regression analysis and the risk of esophageal cancer.
The results revealed that hsa-miR-601 and hsa-miR-574-5p were positively associated with increased risk of ESCC (OR=1.191, 2.079, respectively), whereas hsa-miR-338-3p and hsa-miR-139-5p were negatively associated with increased risk of ESCC (OR=0.455, 0.499, respectively) ( Table IV) .
Environmental factors and miRNA expression. We then analyzed the association between miRNA expression and environmental factors of ESCC patients including tobacco smoking, alcohol consumption and drinking water source. As shown in Table V , the results revealed that hsa-miR-21*was associated with alcohol consumption. High expression of hsa-miR-21* was prone to be observed in heavy drinking patients compared with non-drinkers or occasional drinkers (P=0.046).
Discussion
miRNAs have been studied extensively in recent years for their involvement in tumorigenesis and their potential as biomarkers in the diagnosis, prognosis and treatment of cancer (13).
Chen et al (14) analyzed the expression profile of serum miRNAs in 400 non-small cell lung cancer (NSCLC) cases and 220 controls and identified 10 miRNAs as potential markers for early diagnosis of NSCLC. Hu et al (15) assayed the expression of 10 miRNAs in 10 esophageal cancer cell lines and 158 tissue specimens and found that miR-30e and miR-16-2 were associated with overall and disease-free survival. Wiggins et al (16) evaluated miRNA replacement therapy of miR-34a in lung tumors in mice. These studies provide sound evidence that altered miRNAs could be reliable biomarkers for the early detection and prognosis prediction of cancer.
To date, there have already been published data on miRNA profiles in esophageal cancer. In a previous study, Guo et al (17) revealed that 46 miRNAs expressed differently in 31 pairs of cryopreserved ESCC tissues and non-tumor tissues using miRNA microarray techniques and 7 of them could distinguish tumor tissues from non-tumor tissues. Ogawa et al (18) analyzed the expression of 73 miRNAs in 30 pairs of ESCC tumor and adjacent non-tumor tissues by RT-PCR, and they found that the high expression of miR-129 was associated with shorter postoperative survival. Feber et al (19) reported that in 35 frozen specimens (10 adenocarcinoma, 10 squamous cell carcinoma, 9 normal epithelium, 5 Barrett esophagus, and 1 high-grade dysplasia) several differentially expressed miRNAs could distinguish different esophageal histologic types and also discriminate tumor from normal esophageal tissues in both adenocarcinoma and squamous cell carcinoma. These studies indicate that specific miRNA profiles of ESCC may bring breakthroughs to the diagnosis and treatment of ESCC.
We analyzed the expression of 13 miRNAs in 138 pairs of tumor tissues and adjacent non-tumor tissues by using quantitative RT-PCR. Among them, hsa-miR-338-3p, hsa-miR-218 and hsa-miR-139-5p were downregulated in tumor tissues vs. adjacent non-tumor tissues, whereas hsa-miR-183, hsa-miR-574-5p, hsa-miR-21* and hsa-miR-601 were upregulated in tumor tissues.
hsa-miR-139-5p, hsa-miR-218 and hsa-miR-338-3p downregulated in the present study were found as tumor suppressors in several studies. hsa-miR-139-5p has previously been described as downregulated in many types of cancer, including gastric cancer, renal tumors and endometrial serous adenocarcinomas and bladder cancer (20) (21) (22) (23) . It has been proposed that hsa-miR-139-5p may have various functions in different types of cancer. Hiroki et al (22) showed the lower expression of hsa-miR-139-5p was significantly correlated with poor overall survival in endometrial serous adenocarcinoma. Miles et al (24) suggested a direct causal dysregulation of TOP2A by hsa-miR-139-5p, and TOP2A may be a drug target in ovarian cancer. In addition, the tumor suppressor function of hsa-miR-139-5p being epigenetically silenced by enhancer of zeste homolog 2 (EZH2) may lead to liver cancer metastasis (25) . hsa-miR-218 is also found to be a tumor suppressor in cervical, bladder and gastric cancer (26) (27) (28) . hsa-miR-338-3p was considered to suppress cell invasion by targeting the smoothened gene in liver cancer (29) . hsa-miR-338-3p was also found aberrantly expressed in pancreatic neoplasias (30) .
A miRNA upregulated in cancer may act as an oncogene. hsa-miR-183, hsa-miR-574-5p, hsa-miR-21* and hsa-miR-601 were upregulated in tumor tissues compared with adjacent nontumor tissues in the present study. hsa-miR-574-5p was found increased in lung cancer tissues compared with controls (31) which is consistent with our findings. Yao et al (32) showed that hsa-miR-601 was highly expressed in gastric cancer compared to normal gastric tissues. hsa-miR-601 negatively regulated the Fas-induced apoptosis pathway (33) , which may be one of the reasons for its oncogene-like functions. The overexpression of hsa-miR-183 inhibited the migration of breast cancer cells (34) . The upregulation trend was also observed in prostate carcinoma, hepatocellular carcinoma and colorectal cancer (35) (36) (37) . hsa-miR-183 has been reported to promote tumor cell migration by targeting EGR1, a tumor suppressor gene (38) . Li et al (39) confirmed hsa-miR-183 targeted integrin β1 (ITGB1). ITGB1 is known to play a major role in the development of several tissues and organs (40, 41) . These studies suggest that hsa-miR-183 is an oncogene that plays different roles in different types of cancer. miRNA microarray revealed upregulation of hsa-miR-20a and hsa-miR-155, whereas, hsa-miR-192 and hsa-miR-144 were downregulated. However, they did not show statistical differences in quantitative RT-PCR. Since tumor tissues in this study were matched with adjacent non-tumor tissues instead of normal tissues, some early lesions might be confounded into normal tissues, which brought slight differences of miRNA expression levels between the tumor and the non-tumor tissue group. Although these miRNAs were not identified in our study, they may still play important roles in cancer, according to numerous other studies. hsa-miR-20a has been reported to act as a tumor suppressor by targeting and reducing E2F1 levels, and the E2F family of transcription factors is essential in the regulation of the cell cycle and apoptosis (42) . hsa-miR-155 is overexpressed in various tumors, including breast, lung and pancreatic cancer (43) (44) (45) . Moreover, high expression of hsa-miR-155 is considered to predict a poor prognosis of lung cancer and pancreatic tumor (44, 45) . hsa-miR-155 may be a potential target in breast therapy (46) ; hsa-miR-192 and hsa-miR-144 were found decreased in many tumors, including bladder, colorectal cancer, and follicular thyroid carcinoma (47) (48) (49) . The differentially expressed miRNAs found in the present study are slightly different from previous studies. Since ESCC is a result of interplays between different exposures and host susceptibilities, the Huaian population may have distinctive characteristics leading to a specific miRNA profile.
Furthermore, we found the expression of hsa-miR-21* was different in patients with alcohol consumption. Wang et al (50) found 14 miRNAs differentially expressed in fetal mouse brains with and without prenatal ethanol exposure. Soares et al (51) exposed zebra fish embryos to ethanol and altered expressions of miRNAs were observed. These studies indicate that ethanol can regulate miRNA expression. Although there are few published studies on the function of hsa-miR-21*, we found ethanol exposure can trigger alteration in hsa-miR-21* expression levels. It has been documented that ethanol alters the activities of various signal transduction pathways, including the MAPK pathway, which regulate the activities of transcription factors and, thus alter gene expression (52) . MAP3K1, part of some signal transduction cascades in the MAPK/ERK pathway, is one of the targets predicted by computational analysis for hsa-miR-21*(miRanda). Thereby, we speculated hsa-miR-21* may be involved in pathways of tumorigenesis induced by ethanol.
In conclusion, our study suggests a differential expression profile of miRNAs (hsa-miR-139-5p, hsa-miR-574-5p, hsa-miR-338-3p, hsa-miR-218, hsa-miR-183, hsa-miR-21* and hsa-miR-601) in ESCC. The overexpression of hsa-miR-21* was associated with alcohol consumption. These results suggest that these differentially expressed miRNAs may be potential --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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